(12> INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
28 June 2001 (28.06.2001) 




PCT 



(10) International Publication Number 

WO 01/45763 Al 



(51) International Patent Classification 7 : A61L 27/34, 
33/00, 29/08, 31/10 

(21) International Application Number: PCT/US00/34922 

(22) International Filing Date: 

20 December 2000 (20. 12.2000) 



(25) Filing Language: 

(26) Publication Language: 
(30) Priority Data: 



English 
English 



09/470,559 



23 December 1999 (23.12.1999) US 



(71) Applicant: ADVANCED CARDIOVASCULAR SYS- 
TEMS, INC. [US/US]; 3200 Lakeside Drive, Santa Clara, 
CA 95054 (US). 

(72) Inventors: HOSSAINY, Syed, R, A.; 34325 Tupelo 
Street, Fremont, CA 94555 (US). SANDERS- MILLARE, 
Deborra; 1430 Santa Inez Drive, San Jose, CA 95125 
(US). GURUWAIYA, Judy, A.; 2074 Laddie Way, San 



Jose, CA 95121 (US). CASTRO, Daniel, A.; 271 Wood- 
hams Road, Santa CLara, CA 95051 (US). HARISH, 
Sameer; 43505 Ocaso Corte, Fremont, CA 94539 (US). 
WU, Steven, Z.; 2299 Lenox Place, Santa Clara, CA 
95054 (US). 

(74) Agents: KERRIGAN, Cameron et al.; Squire, Sanders & 
Dempsey, L.LJ>., 600 Hansen Way, Palo Alto, CA 94304- 
1043 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ED, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

[Continued on next page J 



SSS (54) Title: BIOCOMPTABEBLE COATING 



VINBLASTINE -24 HOURS RELEASE 



V© 
If) 



o 



o 

I 



o 




TIME (HOURS) 

(57) Abstract: A coating for a prosthesis, for example a stent, and a composition for forming the coating is disclosed. The coating 
can serve as a primer, allowing substances, such as polymers, to be effectively secured by the prosthesis. Alternatively, the coating 
can serve as a reservoir, allowing for the local and sustained release of a therapeutic substance to biological tissues. The composition 
can be formed from an ethylene vinyl alcohol copolymer and a dimethylsulf oxide solvent, with or without a therapeutic substance. 
Alternatively, the composition can be formed from an ethylene vinyl alcohol copolymer, a dimethylsulfoxide solvent, and a wetting 
fluid, with or without a therapeutic substance. The composition is applied to a surface of the prosthesis and essentially all of the 
dimethylsulfoxide solvent or dimethylsulfoxide solvent/wetting fluid is removed or allowed to evaporate to form the coating. 
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A BIOCOMPATIBLE COATING 



BACKGROUND OF THE INVENTION 

Field of the Invention 

5 This invention relates to a coating for implantable devices, such as an 

expandable intraluminal prosthesis, one example of which includes a stent. 
Moreover, the invention is directed to a composition for coating an implantable 
device. 

Description of the Related Art 

10 Percutaneous transluminal coronary angioplasty (PTC A) is a procedure for 

treating heart disease. A catheter assembly having a balloon portion is introduced 
percutaneously into the cardiovascular system of a patient via the brachial or 
femoral artery. The catheter assembly is advanced through the coronary 
vasculature until the balloon portion is positioned across the occlusive lesion. 

15 Once in position across the lesion, the balloon is inflated to a predetermined size 
to radially pess against the atherosclerotic plaque of the lesion for remodeling of 
the vessel wall. The balloon is then deflated to a smaller profile to allow the 
catheter to be withdrawn from the patient's vasculature. 

A problem associated with the above procedure includes formation of 
2 0 intimal flaps or torn arterial linings which can collapse and occlude the conduit 
after the balloon is deflated. Moreover, thrombosis and restenosis of the artery 
may develop over several months after the procedure, which may require another 
angioplasty procedure or a surgical by-pass operation. To reduce the partial or 
total occlusion of the artery by the collapse of arterial lining and to reduce the 
2 5 chance of the development of thrombosis and restenosis, an expandable 

intraluminal prosthesis, one example of which includes a stent, is implanted in the 
lumen to maintain the vascular patency. Stents are scaffoldings, usually 
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cylindrical or tubular in shape, which function to physically hold open and, if 
desired, to expand the wall of the passageway. Typically stents are capable of 
being compressed, so that they can be inserted through small cavities via small 
catheters, and then expanded to a larger diameter once they are at the desired 
5 location. Examples in patent literature disclosing stents which have been 

successfully applied in PTC A procedures include stents illustrated in U.S. Patent 
No. 4,733,665 issued to Palmaz, U.S. Patent No. 4,800,882 issued to Gianturco, 
and U.S. Patent No. 4,886,062 issued to Wiktor. 

In treating the damaged vasculature tissue and to further fight against 

1 o thrombosis and restenosis, there is a need for administrating therapeutic 

substances to the treatment site. For example, anticoagulants, antiplatelets and 
cytostatic agents are commonly used to prevent thrombosis of the coronary lumen, 
to inhibit development of restenosis, and to reduce post-angioplasty proliferation 
of the vascular tissue, respectively. In order to provide an efficacious 
1 5 concentration to the treated site, systemic administration of such medication often 
produces adverse or toxic side effects for the patient. Local delivery is a preferred 
method of treatment in that smaller total levels of medication are administered in 
comparison to systemic dosages, but are concentrated at a specific site. Local 
delivery thus produces fewer side effects and achieves more effective results. 

2 o One commonly applied technique for the local delivery of a drug is 

through the use of medicated stents. One proposed method provided stents which 
were seeded with endothelial cells (Dichek, D.A. et al. Seeding of Intravascular 
Stents With Genetically Engineered Endothelial Cells; Circulation 1989; 80: 
1347-1353). Briefly, endothelial cells were seeded onto stainless steel stents and 

2 5 grown until the stents were covered. The cells were therefore able to be delivered 

to the vascular wall where they provided therapeutic proteins. Another proposed 
method of providing a therapeutic substance to the vascular wall included use of a 
heparin-coated metallic stent, whereby a heparin coating was ionically or 
covalently bonded to the stent. Significant disadvantages associated with the 

3 0 aforementioned methods include significant loss of the therapeutic substance from 
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the body of the stent during delivery and expansion of the stent, and an absolute 
lack of control of the release rate of the therapeutic substance from the stent. 

Another proposed method involved the use of a polymeric carrier coated 
onto the surface of a stent, as disclosed in U.S. Patent No. 5,464,650 issued to 
5 Berg et al. Berg disclosed applying to a stent body a solution which included a 
specified solvent, a specified polymer dissolved in the solvent, and a therapeutic 
substance dispersed in the blend. The solvent was allowed to evaporate, leaving 
on the stent surface a coating of the polymer and the therapeutic substance 
impregnated in the polymer. Among the specified, suitable choices of polymers 

1 0 listed by Berg, empirical results were specifically provided for poly(caprolactone) 
and poly(L-lactic acid). The preferred choice of mutually compatible solvents 
included acetone or chloroform. As indicated by Berg, stents where immersed in 
the solution 12 to 15 times or sprayed 20 times. The evaporation of the solvent 
provided a white coating. A white coloration is generally indicative of a brittle 

1 5 polymeric coating. A brittle polymeric coating is an undesirable characteristic, 
since portions of the coating typically become detached during stent expansion. 
Detachment of the coating causes the quantity of the therapeutic substance to fall 
below a threshold level sufficient for the effective treatment of a patient. 

Accordingly, it is desirable to provide an improved coating that is 
2 0 susceptible to expanding with a prosthesis without significant detachment from 
the surface of the prosthesis. It is also desirable for the polymer to be able to 
strongly adhere to the surface of the prosthesis, thereby preventing loss of the 
polymeric coating during prosthesis delivery. Other desirable features include, but 
are not limited to, a polymeric coating which allows for a significant control of the 

2 5 release rate of a therapeutic substance, a polymeric coating that can serve as an 

under-layer for substances which do not easily or effectively bind or adhere to the 
surface of the prosthesis, a polymeric solution which need not be applied 
excessively to the surface of the prosthesis to form a coating of a suitable 
thickness, and a polymeric solution that can be uniformly applied to the surface of 

3 0 the prosthesis. 
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SUMMARY OF THE INVENTION 

In accordance with one embodiment of the present invention, a method for 
forming a coating onto a surface of a prosthesis, e.g., a stent, is provided. In one 
embodiment, the method comprises applying to the surface of the prosthesis a 
5 composition which includes an ethylene vinyl alcohol copolymer and a 

dimethylsulfoxide solution. The ethylene vinyl alcohol copolymer can constitute 
from about 0. 1% to about 35%, usefully from about 12% to about 20% by weight 
of the total weight of the composition and the dimethylsulfoxide solution can 
constitute from about 65% to about 99.9%, usefully from about 80% to about 88% 
10 by weight of the total weight of the composition. 

In accordance with another embodiment, a fluid can be added to the 
composition which can enhance the wetting of the composition. To enhance the 
wetting of the composition, a suitable fluid typically has a high capillary 
permeation. A suitably high capillary permeation corresponds to a contact angle 
15 less than about 90°. The wetting fluid can have a viscosity not greater than about 
50 centipoise. The wetting fluid, accordingly, when added to the composition, 
reduces the viscosity of the composition. The wetting fluid should be mutually 
compatible with the ethylene vinyl alcohol copolymer and dimethylsulfoxide 
solution and should not precipitate the copolymer. Useful examples of the wetting 

2 0 fluid include, but are not limited to, tetrahydrofuran (THF), dimethylformamide 

(DMF), 1-butanol, n-butyl acetate, and mixtures thereof. In this embodiment, the 
ethylene vinyl alcohol copolymer can constitute from about 0.1% to about 35%, 
usefully from about 10% to about 25% by weight of the total weight of the 
composition, the dimethylsulfoxide can constitute from about 19.9% to about 
25 98.9%, usefully from about 50% to about 79% by weight of the total weight of the 
composition, the wetting fluid can constitute from about 1 % to about 80 %, 
usefully from about 5 % to about 40 % by weight of the total weight of the 
composition. 

In accordance with another embodiment, sufficient amounts of a 

3 0 therapeutic substance or a combination of substances are dispersed in the blended 

composition of the ethylene vinyl alcohol copolymer and the dimethylsulfoxide 
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solution. In this embodiment, the ethylene vinyl alcohol copolymer can constitute 
from about 0.1% to about 35%, usefully from about 12% to about 20% by weight 
of the total weight of the composition, the dimethylsulfoxide solution can 
constitute from about 59.9% to about 99.8%, usefully from about 79% to about 
5 87% by weight of the total weight of the composition, and the therapeutic 

substance can constitute from about 0.1% to about 40%, usefully from about 1% 
to about 9% by weight of the total weight of the composition. 

In accordance with another embodiment, sufficient amounts of a 
therapeutic substance or combination of substances are dispersed in the blended 

10 composition of the ethylene vinyl alcohol copolymer, the dimethylsulfoxide 
solution, and a wetting fluid. In this embodiment, the ethylene vinyl alcohol 
copolymer can constitute from about 0.1% to about 35%, usefully from about 10% 
to about 25% by weight of the total weight of the composition, the 
dimethylsulfoxide solution can constitute from about 19.8% to about 98.8%, 

1 5 usefully from about 49% to about 79% by weight of the total weight of the 
composition, the wetting fluid can constitute from about 1% to about 80%, 
usefully from about 5% to about 40% by weight of the total weight of the 
composition, and the therapeutic substance can constitute from about 0.1% to 
about 40%, usefully from about 1% to about 9% by weight of the total weight of 

2 0 the composition. 

The composition can be applied to the prosthesis simply by immersing the 
prosthesis into the composition or by spraying the composition onto the surface of 
the prosthesis. The dimethylsulfoxide solution or the combination of the 
dimethylsulfoxide solution and wetting fluid is removed from the composition 

2 5 which is applied to the surface of the prosthesis. The copolymer, with or without 

the therapeutic substance, solidifies and adheres to the surface of the prosthesis. 
One technique for removing the dimethylsulfoxide solution or combination of the 
dimethylsulfoxide solution and wetting fluid includes allowing the components to 
evaporate to a substantial elimination, for example, by heating the prosthesis at a 

3 0 predetermined temperature for a predetermined duration of time. 
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In accordance with another embodiment, a layer comprising a polymeric 
material, without a therapeutic substance, can be formed on the therapeutic 
substance impregnated ethylene vinyl alcohol coating. The layer can be any 
suitable polymeric material, including an ethylene vinyl alcohol copolymer. The 
5 layer provides a rate reducing membrane for therapeutic substances that may be 
quickly released from the coating. 

In accordance with another embodiment of the invention a coating for a 
prosthesis is provided. In one embodiment, the coating comprises an ethylene 
vinyl alcohol copolymer. The ethylene vinyl alcohol copolymer can serve as a 
1 0 primer, allowing substances, such as a variety of biocompatible polymers, to be 
effectively secured by the prosthesis. 

In accordance to another embodiment, the coating comprises an ethylene 
vinyl alcohol copolymer and a therapeutic substance carried by the copolymer. 
The coating allows the therapeutic substance to be retained onto the prosthesis 
15 during delivery and, if applicable, expansion and also allows for a sustained 

release of the substance at the site of implantation. Therapeutic substances such as 
antineoplastics, antiinflammatories, antiplatelets, anticoagulants, antifibrins, 
antithrombins, antimitotics, antiproliferatives, antibiotics, antioxidants, 
antiallergics, and combinations thereof can be carried by the copolymer. 
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BRIEF DESCRIPTION OF THE FIGURE 

Figure 1 A illustrates a fluid on a solid substrate having a contact angle Oi; 
Figure IB illustrates a fluid on a solid substrate having a contact angle <D 2 ; 

and 

5 Figure 2 is a plot showing elution profiles for stents with a coating of 

ethylene vinyl alcohol copolymer impregnated with vinblastine made according to 
Example 4. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Composition 

1 o The embodiments of the composition are prepared by conventional 

methods wherein all components are combined, then blended. More particularly, 
in accordance to one embodiment, a predetermined amount of an ethylene vinyl 
alcohol copolymer (commonly known by the generic name EVOH or by the trade 
name EVAL) is added to a predetermined amount of a dimethylsulfoxide (DMSO) 
1 5 solvent at ambient pressure and under anhydrous atmosphere. If necessary, gentle 
heating and stirring and/or mixing can be employed to effect dissolution of the 
copolymer into the DMSO solvent, for example 12 hours in a water bath at about 
60° C. 

Ethylene vinyl alcohol copolymer refers to copolymers comprising 

2 0 residues of both ethylene and vinyl alcohol monomers. One of ordinary skill in 

the art understands that ethylene vinyl alcohol copolymer may also be a 
terpolymer so as to include small amounts of additional monomers, for example 
less than about five (5) mole percentage of styrenes, propylene, or other suitable 
monomers. In a useful embodiment, the copolymer comprises a mole percent of 
2 5 ethylene of from about 27% to about 44%. Typically, 44 mole percent ethylene is 
suitable. As a general rule, an increase in the amount of the ethylene comonomer 
content decreases the rate that a therapeutic substance is released from the 
copolymer matrix. The release rate of a therapeutic substance decreases as the 
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hydrophilicity of the polymer decreases. An increase in the amount of the 
ethylene comonomer content decreases the hydrophilic nature of vinyl alcohol 
comonomer. Ethylene vinyl alcohol copolymers are available commercially from 
companies such as Aldrich Chemical Company, Milwaukee, Wis., or EVAL 
5 Company of America, Lisle, IL, or can be prepared by conventional 

polymerization procedures that are well known to one of ordinary skill in the art. 
Typically, the ethylene vinyl alcohol copolymer can comprise from about 0.1% to 
about 35%, usefully from about 12% to about 20% by weight of the total weight of 
the composition. Typically, the DMSO solvent can comprise from about 65% to 
1 0 about 99.9%, usefully from about 80% to about 88% by weight of the total weight 
of the composition. A specific weight ratio is dependent on factors such as the 
material from which the prosthesis is made and the geometrical structure of the 
prosthesis. 

In accordance with another embodiment, a fluid can be added to the 
composition which can enhance the wetting of the composition. To enhance the 
wetting of the composition, a suitable fluid typically has a high capillary 
permeation. Capillary permeation or wetting is the movement of a fluid on a solid 
substrate driven by interfacial energetics. Capillary permeation is quantitated by a 
contact angle, defined as an angle at the tangent of a droplet in a fluid phase that 
has taken an equilibrium shape on a solid surface. A low contact angle means a 
higher wetting liquid. A suitably high capillary permeation corresponds to a 
contact angle less than about 90°. Figure 1A illustrates a fluid droplet 1 OA on a 
solid substrate 12, for example a stainless steel surface. Fluid droplet 10A has a 
high capillary permeation that corresponds to a contact angle <t> u which is less 
than about 90°. In contrast, Figure IB illustrates a fluid droplet 10B on solid 
substrate 12, having a low capillary permeation that corresponds to a contact angle 
(D 2 , which is greater than about 90°. The wetting fluid, typically, should have a 
viscosity not greater than about 50 centipoise, usefully about 0.3 to about 5 
centipoise, more usefully about 0.4 to about 2.5 centipoise. The wetting fluid, 
accordingly, when added to the composition, reduces the viscosity of composition. 
The wetting fluid should be mutually compatible with the ethylene vinyl alcohol 
copolymer and DMSO solvent and should not precipitate the copolymer. Useful 
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examples of the wetting fluid include, but are not limited to, tetrahydrofuran 
(THF), dimethylformamide (DMF), 1-butanol, n-butyl acetate, and mixtures and 
combinations thereof. In this embodiment, the ethylene vinyl alcohol copolymer 
can comprise from about 0.1% to about 35%, usefully from about 10% to about 
5 25% by weight of the total weight of the composition. The DMSO solvent can 
comprise from about 19.9% to about 98.9%, usefully from about 50% to about 
79% by weight of the total weight of the composition. The wetting fluid can 
comprise from about 1 % to about 80 % , usefully from about 5 % to about 40 % 
by weight of the total weight of the composition. The specific weight ratio of the 

1 0 wetting fluid depends on the type of wetting fluid employed and the weight ratio 
of the ethylene vinyl alcohol copolymer and the DMSO solvent. More 
particularly, tetrahydrofuran used as the wetting fluid can comprise from about 1% 
to about 44%, usefully about 21% by weight of the total weight of the solution. 
Dimethylformamide used as the wetting fluid can comprise from about 1% to 

1 5 about 80%, usefully about 8% by weight of the total weight of the solution. 1 - 
butanol used as the wetting fluid can comprise from about 1% to about 33%, 
usefully about 9% by weight of the total weight of the solution. N-butyl acetate 
used as the wetting fluid can comprise from about 1% to about 34%, usefully 
about 14% by weight of the total weight of the solution. 

20 In accordance with another embodiment, sufficient amounts of a 

therapeutic substance or a combination of substances are dispersed in the blended 
composition of the ethylene vinyl alcohol copolymer and the DMSO solvent, 
without the wetting fluid. In this embodiment, the ethylene vinyl alcohol 
copolymer can comprise from about 0.1% to about 35%, usefully from about 12% 

25 to about 20% by weight of the total weight of the composition, the DMSO solvent 
can comprise from about 59.9% to about 99.8%, usefully from about 79% to about 
87% by weight of the total weight of the composition, and the therapeutic 
substance can comprise from about 0.1% to about 40%, usefully from about 1% to 
about 9% by weight of the total weight of the composition. More than 9% by 

3 0 weight of therapeutic substance can adversely affect characteristics that are 
desirable in the polymeric coating, such as adhesion of the coating to the 
prosthesis. Selection of a specific weight ratio of the ethylene vinyl alcohol 
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copolymer and the DMSO solvent is dependent on factors such as the material 
from which the prosthesis is made, the geometrical structure of the prosthesis, and 
the type and amount of therapeutic substance employed. 

In accordance with another embodiment, sufficient amounts of a 
5 therapeutic substance or combination of substances are dispersed in the blended 
composition of the ethylene vinyl alcohol copolymer, the DMSO solvent, and the 
wetting fluid. In this embodiment, the ethylene vinyl alcohol copolymer can 
comprise from about 0.1% to about 35%, usefully from about 10% to about 25% 
by weight of the total weight of the composition, the DMSO solvent can comprise 

1 0 from about 1 9.8% to about 98.8%, usefully from about 49% to about 79% by 

weight of the total weight of the composition, the wetting fluid can comprise from 
about 1% to about 80%, usefully from about 5% to about 40% by weight of the 
total weight of the composition, and the therapeutic substance can comprise from 
about 0. 1% to about 40%, usefully from about 1 % to about 9% by weight of the 

15 total weight of the composition. Selection of a specific weight ratio of the 
ethylene vinyl alcohol copolymer, the DMSO solvent, and the wetting fluid is 
dependent on factors such as the material from which the prosthesis is made, the 
geometrical structure of the prosthesis, and the type and amount of therapeutic 
substance employed. 

2 0 The particular weight percentage of a therapeutic substance mixed within 

the composition, with or without the wetting fluid, depends on factors such as the 
type of therapeutic substance, duration of the release, cumulative amount of 
release, and release rate that is desired. It is known that the release rate and the 
cumulative amount of the therapeutic substance that is released is directly 

2 5 proportional to the total initial content of the substance in the copolymer matrix. 

Accordingly, a wide spectrum of release rates can be achieved by modifying the 
ethylene comonomer content and the initial amount of substance. The therapeutic 
substance should be in true solution or saturated in the blended composition. If 
the therapeutic substance is not completely soluble in the composition, operations 

3 0 including mixing, stirring, and/or agitation can be employed to effect homogeneity 

of the residues. The therapeutic substance may be added so that dispersion is in 
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fine particles. The mixing of the therapeutic substance can be conducted in an 
anhydrous atmosphere, at ambient pressure, and at room temperature such that 
supersaturating the therapeutic substance is not desired. 

Exposure of the ethylene vinyl alcohol/DMSO composition or ethylene 
5 vinyl alcohol/DMSO/wetting fluid composition to the therapeutic substance is not 
permitted to adversely alter the substance's composition or characteristic. 
Accordingly, the particular therapeutic substance is selected for mutual 
compatibility with the blended composition. Therapeutic substances or agents can 
include, but are not limited to, antineoplastic, antiinflammatory, antiplatelet, 

10 anticoagulant, antifibrin, antithrombin, antimitotic, antiproliferative, antibiotic, 
antioxidant, antiallergic substances, and combinations thereof. Examples of 
suitable antineoplastics include paclitaxel and docetaxel. Examples of suitable 
antiplatelets, anticoagulants, antifibrins, and antithrombins include sodium 
heparin, low molecular weight heparin, hirudin, argatroban, forskolin, vapiprost, 

1 5 prostacyclin and prostacyclin analogues, dextran, D-phe-pro-arg- 

chloromethylketone (synthetic antithrombin), dipyridamole, glycoprotein Ilb/Hla 
platelet membrane receptor antagonist, recombinant hirudin, thrombin inhibitor 
(available from Biogen), and 7E-3B® (an antiplatelet drug from Centocore). 
Examples of suitable antimitotic agents include methotrexate, azathioprine, 

2 0 vincristine, vinblastine, fluorouracil, adriamycin, and mutamycin. Examples of 

suitable cytostatic or antiproliferative agents include angiopeptin (a somatostatin 
analogue from Ibsen), angiotensin converting enzyme inhibitors such as 
Captopril® (available from Squibb), Cilazapril® (available from Hoffman- 
LaRoche), or Lisinopril® (available from Merck); calcium channel blockers (such 
25 as Nifedipine), colchicine, fibroblast growth factor (FGF) antagonists, fish oil 
(omega 3-fatty acid), histamine antagonist, Lovastatin® (an inhibitor of HMG- 
CoA reductase, a cholesterol lowering drug from Merck), monoclonal antibodies 
(such as PDGF receptors), nitroprusside, phosphodiesterase inhibitors, 
prostaglandin inhibitor (available form Glazo), Seramin (a PDGF antagonist), 

3 0 serotonin blockers, steroids, thioprotease inhibitors, triazolopyrimidine (a PDGF 

antagonist), and nitric oxide. An example of an antiallergic agent includes 
Permirolast potassium. Other therapeutic substances or agents which may be 
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appropriate include alpha-interferon, genetically engineered epithelial cells, and 
dexamethasone. While the foregoing therapeutic substances or agents are well 
known for their preventative and treatment properties, the substances or agents are 
provided by way of example and are not meant to be limiting. Other therapeutic 
5 substances which are currently available or may be developed are equally 

applicable for use with the present invention. The treatment of patients using the 
above mentioned medicines is well known to those of ordinary skill in the art. 

Prosthesis 

The prosthesis used in conjunction with the above-described composition 
1 0 may be any suitable prosthesis, examples of which include self-expandable stents, 
balloon-expandable stents, and grafts. The underlying structure of the prosthesis 
can be virtually any design. The prosthesis can be made of a metallic material or 
an alloy such as, but not limited to, stainless steel, "MP35N," "MP20N," elastinite 
(Nitinol), tantalum, nickel-titanium alloy, platinum-iridium alloy, gold, 
15 magnesium, or combinations thereof. "MP35N" and "MP20N" are trade names 
for alloys of cobalt, nickel, chromium and molybdenum available from standard 
Press Steel Co., Jenkintown, PA. "MP35N" consists of 35% cobalt, 35% nickel, 
20% chromium, and 10% molybdenum. "MP20N" consists of 50% cobalt, 20% 
nickel, 20% chromium, and 10% molybdenum. Prostheses made from 

2 0 bioabsorbable or biostable polymers could also be used with the blended 

composition. A polymeric prosthesis should be compatible with the composition. 
The ethylene vinyl alcohol copolymer, however, adheres very well to metallic 
materials, more specifically to stainless steel. 

Methods For Coating the Prosthesis Using The Composition 

25 To form a coating on a surface of the prosthesis, the surface of the 

prosthesis should be clean and free from contaminants that may be introduced 
during manufacturing. However, the surface of the prosthesis requires no 
particular surface treatment to retain the applied coating. The composition can be 
applied to both the inner and outer (the tissue contacting) surfaces of the 

3 0 prosthesis. Application of the composition can be by any conventional method, 

-12- 



WO 0 1/45763 PCT/USOO/34922 

such as by spraying the composition onto the prosthesis or immersing the 
prosthesis in the composition. The addition of a wetting fluid leads to a consistent 
application of the composition which causes the coating to be uniformly deposited 
on the surface of the prosthesis. 

5 After the composition is applied, the prosthesis can be heating by, for 

example, passing the prosthesis over a hot plate. The prosthesis should be 
exposed to the heat for a short duration of time, typically about 3 to 5 seconds. 
The temperature of the hot plate can be from about 55° C to about 65° C, typically 
about 60° C. Exposure of the prosthesis to the hot plate prevents the prosthesis 

1 0 from cooling at a rapid rate. Rapid cooling of the prosthesis may adversely affect 
properties that are generally desirable in a coating, such as elasticity. The polymer 
can be further exposed to heat treatment or cured for a predetermined duration of 
time, for example for about 6 hours. The heat treatment can be conducted 
generally at the same temperature range as the hot plate, for example from about 

15 55° C to about 65° C, typically about 60° C. The heat treatment prevents 
formation of air bubbles in the polymeric coating. 

The DMSO solvent or the combination of the DMSO solvent and wetting 
fluid is removed from the composition on the surfaces of the prosthesis by 
allowing the DMSO solvent or combination of the DMSO solvent and wetting 

2 0 fluid to evaporate. The evaporation can be induced by heating the prosthesis at a 
predetermined temperature for a predetermined period of time. For example, the 
prosthesis can be heated at a temperature of about 60° C to about 70° C for about 
12 hours to about 24 hours. The heating can be conducted in an anhydrous 
atmosphere and at ambient pressure. The heating can, alternatively, be conducted 

2 5 under a vacuum condition. It is understood that essentially all of the DMSO 

solvent and the wetting fluid will be removed from the composition but traces or 
residues can remain blended with the copolymer. 
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Coating 

In one embodiment, the coating comprises a polymeric material made from 
essentially an ethylene vinyl alcohol copolymer. The ethylene vinyl alcohol 
copolymer can serve as a primer for allowing substances, such as a variety of 
5 polymeric materials, to be easily and effectively secured by a prosthesis, more 
particularly a prosthesis made from a metallic material such as stainless steel 

The ethylene vinyl alcohol copolymer can serve as an under-layer for a 
heparin coating for the prosthesis, allowing the heparin coating to be secured more 
easily and effectively by the prosthesis. The heparin coating can be formed on the 
1 0 ethylene vinyl alcohol copolymer coating by any conventional method such as 
immersion or spraying techniques as is understood by one of ordinary skill in the 
art. 

The ethylene vinyl alcohol copolymer is a biocompatible coating, i.e., a 
coating which, in the amounts employed, is non-toxic, non-inflammatory, 
15 chemically inert, and substantially non-immunogenetic. By way of example, and 
not limitation, the coating can have a thickness of about 0.5 microns to about 2.0 
microns. The particular thickness of the layer is dependent on the desired use of 
the primer and the type of procedure for which the prosthesis is employed. 

In another embodiment, the coating comprises a polymeric material made 
2 0 from essentially an ethylene vinyl alcohol copolymer having a therapeutic 

substance or a combination of substances impregnated therein. The inclusion of 
the therapeutic substance or substances in the copolymer matrix allows not only 
retention of the substance on the prosthesis (e.g., a stent) during delivery and, if 
applicable, expansion of the prosthesis, but also controlled administration of the 

2 5 substance following implantation. By way of example, and not limitation, the 

impregnated ethylene vinyl alcohol copolymer can have a thickness of about 0.5 
microns to about 1.5 microns. The particular thickness of the copolymer is based 
on the type of procedure for which prosthesis is employed and the amount of 
therapeutic substance that is desired to be delivered. The amount of therapeutic 

3 0 substance to be included on the prosthesis can be further increased by applying a 
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plurality of coating layers onto the prosthesis. The application of each layer 
should be performed subsequent to the evaporation of the DMSO solvent or 
DMSO/wetting fluid and the drying of the copolymer of the previous layer. 

In one embodiment, a layer or a second coating formed from a polymeric 
5 material, without a therapeutic substance, is deposited on the therapeutic substance 
impregnated copolymer coating. Suitable polymeric material can include, but are 
not limited to, polycaprolactone (PCL), poly-D,L-lactic acid (DL-PLA), poly-L- 
lactic acid (L-PLA), poly(lactide-co-glycolide), poly(hydroxybutyrate), 
poly(hydroxybutyrate-co-valerate), polydioxanone, polyorthoester, polyanhydride, 

1 0 poly(glycolic acid), poly(glycolic acid-cotrimethylene carbonate), 

polyphosphoester, polyphosphoester urethane, poly (amino acids), cyanoacrylates, 
poly(trimethylene carbonate), poly(iminocarbonate), copoly(ether-esters), 
polyalkylene oxalates, polyphosphazenes, polyiminocarbonates, and aliphatic 
polycarbonates, fibrin, fibrinogen, cellulose, starch, collagen, PARYLENE®, 

15 PARYLAST®, polyurethane, polyethylene, polyethylene teraphthalate, ethylene 
vinyl acetate, silicone, polyethylene oxide, and mixtures thereof. 

In another embodiment, a layer or a second coating formed from 
essentially an ethylene vinyl alcohol copolymer, without a therapeutic substance, 
can be deposited on the therapeutic substance impregnated copolymer coating. 

2 0 The substance- free ethylene vinyl alcohol copolymer used as a second coating can 
comprise a mole percent of ethylene of from about 27% to about 44%. It is 
understood by one of ordinary skill in the art that ethylene vinyl alcohol copolymer 
may also be a terpolymer so as to include small amounts of additionally 
monomers, for example less than about five (5) mole percentage of styrenes, 

2 5 propylene, and other suitable monomers. 

The second coating produces a membrane that reduces the rate of release 

of the therapeutic substance or substances from the impregnated ethylene vinyl 

alcohol copolymer, particularly therapeutic substances that are water soluble (e.g., 

heparin, rapamycin, and dexamethasone). If an ethylene vinyl alcohol copolymer 

30 is used as a rate reducing membrane, as a general rule, an increase in the amount 

of ethylene comonomer content of the second coating decreases the rate that a 
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therapeutic substance can permeate through the second coating. By way of 
example, and not limitation, the second coating can have a thickness of about 0.25 
microns to about 1.5 microns. Typically, the second coating can have a thickness 
of about 1 micron. It is understood by one of ordinary skill in the art that the 
5 thickness of the layer is based on factors such as the type of procedure for which 
the prosthesis is employed and the rate of release that is desired. 

Method of Use 

In accordance with the above described method, therapeutic substances can 
be applied to a prosthesis, e.g., a stent, retained on the stent during delivery and 
expansion of the stent, and released at a desired control rate and for a 
predetermined duration of time at the site of implantation. The release rate of the 
substances can be controlled by modifying release parameters such as the amount 
of ethylene comonomer content of the copolymer and the initial therapeutic 
substance content in the matrices of the copolymer. Correlations and 
interrelations between release parameters are well known by one of ordinary skill 
in the art. The rate of release can also be adjusted by the addition of second 
polymeric layer, with or without a therapeutic substance. A stent having the above 
described medicated coating is useful for a variety of medical procedures, 
including, by way of example, treatment of obstructions caused by tumors in bile 
ducts, esophagus, and trachea/bronchi. A stent having the above described 
medicated coating is particularly useful for treating occluded regions of blood 
vessels caused by formation of intimal flaps or torn arterial linings, thrombosis, 
and restenosis. Stents may be placed in a wide array of blood vessels, both 
arteries and veins. Representative examples of sites include the iliac, renal, and 
coronary arteries. 

Briefly, an angiogram is first performed to determine the appropriate 

positioning for stent therapy. Angiography is typically accomplished by injecting 

a radiopaque contrasting agent through a catheter inserted into an artery or vein as 

an x-ray is taken. A guidewire is then advanced through the lesion or proposed 

3 0 site of treatment. Over the guidewire is passed a delivery catheter which allows a 

stent in its collapsed configuration to be inserted into the passageway. The 
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delivery catheter is inserted either percutaneously or by surgery into the femoral 
artery, brachial artery, femoral vein, or brachial vein, and advanced into the 
appropriate blood vessel by steering the catheter through the vascular system 
under fluoroscopic guidance. A stent having the above described coating may 
5 then be expanded at the desired area of treatment. A post insertion angiogram 
may also be utilized to confirm appropriate positioning. 

o 

EXAMPLES 

The embodiments of the invention will be illustrated by the following set 
forth examples which are being given by way of illustration only and not by way 
10 of limitation. All parameters such as, grams of ethylene vinyl alcohol copolymer, 
DMSO, wetting fluid, and therapeutic substance, temperature, duration of time, 
thickness of coating, and all other parameters and data are not be construed to 
unduly limit the scope of the embodiments of the invention. 

Example 1 

15 Multi-Link™ stents (available from Guidant Corporation) were cleaned by 

placement in an ultrasonic bath of isopropyl alcohol solution for 10 minutes. The 
stents were dried and plasma cleaned in a plasma chamber. An EVOH solution 
was made with 1 gram of EVOH and 7 grams of DMSO, making an 
EVOH:DMSO ratio of 1 :7. The mixture was placed in a warm water shaker bath 

20 at 60° C for 24 hours. The solution was cooled and vortexed. The cleaned Multi- 
Link™ stents were dipped in the EVOH solution and then passed over a hot plate, 
for about 3-5 seconds, with a temperature setting of about 60° C. The coated 
stents were heated for 6 hours in an air box and then placed in a oven at 60° C, 
under vacuum condition, and for 24 hours. The coated stents were expanded on a 

2 5 4.0 mm angioplasty balloon. The coatings remained intact on the stents. The 
coatings were transparent giving the Multi-Link™ stents a glossy-like shine. 

Example 2 



Multi-Link™ stents were cleaned by placement in an ultrasonic bath of 
isopropyl alcohol solution for 10 minutes. The stents were dried and plasma 
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cleaned in a plasma chamber. An EVOH solution was made with 1 gram of 
EVOH and 4 grams of DMSO, making an EVOH:DMSO ratio of 1 :4. 
Dexamethasone was added to the 1 :4 EVOH:DMSO solution. Dexamethasone 
constituted 9% by weight of the total weight of the solution. The solution was 
vortexed and placed in a tube. The cleaned Multi-Link™ stents were attached to 
mandrel wires and dipped into the solution. The coated stents were passed over a 
hot plate, for about 3-5 seconds, with a temperature setting of about 60° C. The 
coated stents were cured for 6 hours in an air box and then placed in a vacuum 
oven at 60° C for 24 hours. The above-recited step was repeated twice. The 
average weight of the coating was 0.0003 grams, having an estimated 
dexamethasone content of 75 ug per stent. The coated stents were expanded on a 
4.0 mm angioplasty balloon. The coatings remained intact on the stents. 
Verification of coverage and physical properties of the coatings were visualized 
using a scanning electron microscope. The coatings were transparent, giving the 
Multi-Link™ stents a glossy-like shine. 

Example 3 

Multi-Link Duet™ stents are cleaned by placement in an ultrasonic bath of 
isopropyl alcohol solution for 10 minutes. The stents are dried and plasma 
cleaned in a plasma chamber. The EVOH solution is made with 1 gram of EVOH 
2 0 and 4 grams of DMSO, making an EVOH:DMSO ratio of 1 :4. Dexamethasone is 
added to the 1 :4 EVOH:DMSO solution. Dexamethasone constitutes 9% by 
weight of the total weight of the solution. The solution is vortexed and placed in a 
tube. The cleaned Multi-Link™ stents are attached to mandrel wires and dipped 
into the solution. The coated stents are passed over a hot plate, for about 3-5 

2 5 seconds, with a temperature setting of about 60° C. The coated stents are cured for 

6 hours in an air box then placed in a vacuum oven at 60° C for 24 hours. The 
single layered dexamethasone/EVOH coated stents are dipped into the 1 :4 ratio 
EVOH:DMSO solution, free from dexamethasone. The stents are passed over the 
hot plate, cured, and placed in the oven as previously described. The top coating 

3 0 will provide a barrier layer for controlling the release of dexamethasone from the 

drug coated layer. The coated stents can be expanded on a 4.0 mm angioplasty 
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balloon. It is predicted that the coatings will remain intact on the stents. The 
coatings will be transparent, giving the Multi-Link™ stents a glossy-like shine. 

Example 4 

Multi-Link™ stents were cleaned by placement in an ultrasonic bath of 
5 isopropyl alcohol solution for 10 minutes. The stents were dried and plasma 
cleaned in a plasma chamber. An EVOH solution was made with 1 gram of 
EVOH and 7 grams of DMSO, making an EVOH:DMSO ratio of 1 :7. Vinblastine 
was added to the 1 :7 EVOH:DMSO solution. Vinblastine constituted 2.5% by 
weight of the total weight of the solution. The solution was vortexed and placed 

10 in a tube. The cleaned Multi-Link™ stents were attached to mandrel wires and 
dipped into the solution. The coated stents were passed over a hot plate, for about 
3-5 seconds, with a temperature setting of about 60° C. The coated stents were 
cured for 6 hours in an air box then placed in a vacuum oven at 60° C for 24 hours. 
The above process was repeated twice, having a total of three layers. The average 

1 5 weight of the coating was 0.00005 grams, with an estimated vinblastine 

concentration of 12 ug per stent. Some of the stents were sterilized by electron 
beam radiation. The sterilized and unsterilized vinblastine coated stents were 
tested for a 24 hour elution period by placing one sterilized and one unsterilized 
stent in 5 ml of phosphated saline solution (pH 7.4) at room temperature with 

2 0 rotational motion. The amount of vinblastine eluted was evaluated by High 

Performance Liquid Chromatography (HPLC) analysis. The results of this test are 
given below and plotted in Figure 2. The data indicates that electron beam 
radiation procedure does not interfere in the release of vinblastine from EVOH. 
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Example 5 

Multi-Link™ stents were cleaned by placement in an ultrasonic bath of 
isopropyl alcohol solution for 10 minutes. The stents were dried and plasma 
cleaned in a plasma chamber. An EVOH solution was made with 1 gram of EVOH 
5 and 7 grams of DMSO, making an EVOH:DMSO ratio of 1 :7. Cephalotaxin was 
added to the 1 :7 EVOH:DMSO solution. Cephalotaxin constituted 5% by weight 
of the total weight of the solution. The solution was vortexed and placed in a tube. 
The cleaned Multi-Link™ stents were attached to mandrel wires and dipped into 
the solution. The coated stents were passed over a hot plate, for about 3-5 seconds, 

1 0 with a temperature setting of about 60° C. The coated stents were cured for 6 hours 
in an air box then placed in a vacuum oven at 60° C for 24 hours. The above 
process was repeated twice, having a total of three layers. The average weight of 
the coating was 0.00013 grams, with an estimated cephalotaxin concentration of 33 
ug. The stents were sterilized by electron beam radiation. Cephalotaxin/EVOH 

15 coated stents and EVOH-coated control stents were implanted in the coronary 

arteries of 4 pigs, generally in accordance to the procedure set forth in "Restenosis 
After Balloon Angioplasty- A Practical Proliferative Model in Porcine Coronary 
Arteries" by Robert S. Schwartz, et al., Circulation 82(6):2 190-2200, Dec. 1990, 
and "Restenosis and the Proportional Neointimal Response to Coronary Artery 

2 0 Injury: Results in a Porcine Model" by Robert S. Schwartz et al, J Am Coll 

Cardiol; 19:267-74 Feb. 1992. Results of the porcine artery study indicated that 
there was no significant difference between the uncoated, EVOH coated and 
cephalotaxin coated stents in the amount of neointimal proliferation resulting from 
arterial injury. 

25 Example 6 

Multi-Link Duet™ stents (available from Guidant Corporation) were 
cleaned by placement in an ultrasonic bath of isopropryl alcohol solution for 20 
minutes, then air dried. An EVOH stock solution was made with 1 gram of EVOH 
and 7 grams of DMSO, making an EVOH:DMSO ratio of 1 :7. The mixture was 
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placed in a warm water shaker bath at 60° C for 12 hours. The solution was mixed, 
then cooled to room temperature. A co-solvent was added to the EVOH solution to 
promote wetting of the struts of the Multi-Link Duet™ stents. One gram of 
tetrahydrofuran (THF) was mixed with 1 .2 grams of the EVOH:DMSO solution. 
5 The cleaned Multi-Link Duet™ stents were attached to mandrel wires and dipped 
into the solution. The coated stents were passed over a hot plate, for about 3 to 5 
seconds, with a temperature setting of about 60° C. The coated stents were then 
heated in a laboratory oven at 90° C for 4 hours. The thin EVOH coating adhered 
to stainless steel without peeling or cracking. EVOH forms a superior primer base 
1 0 coat for other polymers that do not adhere well to stainless steel. 

Example 7 

Multi-Link Duet™ stents were cleaned in an ultrasonic bath of isopropyl 
alcohol for 20 minutes, then air dried. An EVOH solution was made with 1 gram 
of EVOH and 5 grams of DMSO, making an EVOH:DMSO ratio of 1 :5. The 

15 mixture was placed in a warm water shaker bath at 60° C for 12 hours. The 
solution was mixed, then cooled to room temperature. The dissolved 
EVOH:DMSO solution was mixed with 24.6 grams of THF and 19.56 grams of 
DMSO. The solution was mixed then placed in the reservoir of an air pressured 
atomizing sprayer. Multi-Link Duet™ stents were sprayed while the stents rotated 

2 0 between 30 to 120 rpm. The spray time was dependent upon the flow rate of the 
sprayer. A flow rate between 1 to 20 mg/second required a stent to be sprayed 
between 1 to 30 seconds. The polymer coated Multi-Link Duet™ stents were 
heated in a forced air convection oven for 12 hours. The coatings were transparent, 
giving the Multi-Link Duet™ stents a glossy-like shine. 

25 Example 8 

Multi-Link Duet™ stents were cleaned in an ultrasonic bath of isopropyl 
alcohol for 20 minutes, then air dried. An EVOH stock solution was made having 
an EVOH:DMSO ratio of 1 :4. The mixture was placed in a warm water shaker 
bath at 60° C for 12 hours. The solution was mixed, then cooled to room 
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temperature. Various co-solvents were examined to determine which co-solvent 
would promote a thicker coating. These co-solvents were THF, DMF, 1-butanol, 
and n-butyl acetate. The formulation for the co-solvents was as follows. Three 
grams of dissolved EVOH:DMSO solution was mixed with 0.9 grams of THF; 
5 three grams of dissolved EVOH:DMSO solution was mixed with 0.39 grams of 
DMF; three grams of dissolved EVOHiDMSO solution was mixed with 0.5 grams 
of 1-butanol; and three grams of dissolved EVOH:DMSO solution was mixed with 
0.68 grams of n-butyl acetate. The cleaned Multi-Link Duet™ stents, attached to 
mandrel wires, were dipped into the solutions. The coated stents were passed over 

10 a hot plate, for about 3 to 5 seconds, with a temperature setting of about 60° C. 
The coated stents were heated in a forced air convection oven for 24 hours. A 
second layer of coating was applied to coated Multi-Link Duet™ stents and the 
stents were heated in the same manner as above. No difference was seen between 
the stents coated with the various co-solvents (e.g., greater weight of coating or 

15 physical appearance). All coated stents were transparent, giving the Multi-Link 
Duet™ stents a glossy-like shine. No webbing or bridging of the coating was seen 
between the struts of the coated Multi-Link Duet™ stents. The weight of the 
coatings was between 0.2 to 0.27 mg/stent. 

Example 9 

2 0 Multi-Link Duet™ stents are cleaned in an ultrasonic bath of isopropyl 

alcohol for 20 minutes, then air dried. An EVOH stock solution is made having an 
EVOHiDMSO ratio of 1 :4. The mixture is placed in a warm water shaker bath at 
60° C for 12 hours. The solution is mixed, then cooled to room temperature. A 9% 
by weight Dexamethasone solution is formulated as follows: 2.96 grams of the 

2 5 EVOH:DMSO solution is mixed with 0.29 grams of Dexamethasone, then 0.9 
grams of THF is added. The cleaned Multi-Link Duet™ stents are attached to 
mandrel wires and dipped into the solution. The coated stents are passed over a hot 
plate, for about 3 to 5 seconds, with a temperature setting of about 60° C. The 
coated stents are cured in a forced air convection oven for 2 hours. A second layer 

30 of coating is applied and cured in the above manner. It is predicted that the 
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coatings will be transparent, giving the Multi-Link Duet™ stents a glossy-like 
shine. 

While particular embodiments of the present invention have been shown 
and described, it will be obvious to those skilled in the art that changes and 
5 modifications can be made without departing from this invention in its broader 
aspects and, therefore, the appended claims are to encompass within their scope all 
such changes and modifications as fall within the true spirit and scope of this 
invention. 
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CLAIMS 

What is claimed is: 

1 . A coating for a prosthesis, comprising an ethylene vinyl alcohol 
5 copolymer. 

2. The coating of Claim 1, wherein said prosthesis is selected from a 
group of balloon-expandable stents, self-expandable stents, and grafts. 

10 3. The coating of Claim I, wherein said coating is made from a 

composition comprising: 

(a) said ethylene vinyl alcohol copolymer constituting from 
about 0.1% to about 35% by weight of the total weight of said composition; 
and 

15 (b) a dimethylsulfoxide solvent constituting from about 65% to 

about 99.9% by weight of the total weight of said composition; 

wherein after said composition is applied to a surface of said 
prosthesis, said dimethylsulfoxide solvent is essentially removed from said 
composition on said prosthesis to form said coating. 

20 

4. The coating of Claim 1, wherein said coating is made from a 
composition comprising: 

(a) said ethylene vinyl alcohol copolymer constituting from 
about 0.1% to about 35% by weight of the total weight of said composition; 

25 (b) a dimethylsulfoxide solvent constituting from about 19.9% 

to about 98.9% by weight of the total weight of said composition; and 

(c) a fluid constituting from about 1% to about 80% by weight 
of the total weight of said composition; 
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wherein after said composition is applied to a surface of said 
prosthesis, said dimethylsulfoxide solvent and said fluid are essentially 
removed from said composition on said prosthesis to form said coating. 

5 5. The coating of Claim 4, wherein said fluid is selected from a group 

of tetrahydrofuran, dimethylformamide, 1-butanol, n-butyl acetate, and mixtures 
thereof 

6. The coating of Claim 4, wherein said fluid has a contact angle less 
10 than about 90°. 

7. The coating of Claim 1, additionally comprising a therapeutic 
substance carried by said ethylene vinyl alcohol copolymer. 

15 8. The coating of Claim 7, wherein said therapeutic substance is 

selected from a group of antineoplastic, antiinflammatory, antiplatelet, 
anticoagulant, antifibrin, antithrombin, antimitotic, antiproliferative, antibiotic, 
antioxidant, antiallergic substances, and combinations thereof. 

2 0 9. The coating of Claim 7, wherein said coating is made form a 

composition comprising: 

(a) said ethylene vinyl alcohol copolymer constituting from 
about 0.1% to about 35% by weight of the total weight of said composition; 

(b) a dimethylsulfoxide solvent constituting from about 19.8% 
25 to about 98.8% by weight of the total weight of said composition; 

(c) a fluid constituting from about 1 % to about 80% by weight 
of the total weight of said composition; and 

(d) said therapeutic substance constituting from about 0.1% to about 
40% by weight of the total weight of the composition; 
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wherein after said composition is applied to a surface of said 
prosthesis, said dimethylsulfoxide solvent and said fluid are essentially 
removed from said composition on said prosthesis to form said coating of 
said ethylene vinyl alcohol copolymer carrying said therapeutic substance. 

5 

10. The coating of Claim 9, wherein said therapeutic substance is 
selected from a group of antineoplastic, antiinflammatory, antiplatelet, 
anticoagulant, antifibrin, antithrombin, antimitotic, antiproliferative, antibiotic, 
antioxidant, antiallergic substances, and combinations thereof. 

10 

1 1 . The coating of Claim 9, wherein said fluid is selected from a group 
of tetrahydrofuran, dimethylformamide, 1-butanol, n-butyl acetate, and mixtures 
thereof. 

15 12. The coating of Claim 9, wherein said fluid has a contact angle less 

than about 90°. 

13. The coating of Claim 1, additionally comprising a heparin layer 
disposed on at least a portion of said ethylene vinyl alcohol copolymer. 

20 

14. A method of forming a coating onto a surface of a prosthesis, 
comprising the acts of: 

(a) providing a composition comprising an ethylene vinyl 
alcohol copolymer and a dimethylsulfoxide solution; 

25 (b) applying said composition to said surface of said prosthesis; 

and 

(c) removing essentially all of said dimethylsulfoxide solution 
from said composition on said prosthesis to form said coating. 
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15. The method of Claim 14, wherein said prosthesis is selected from a 
group of balloon-expandable stents, self-expandable stents, and grafts. 

16. A coating for a prosthesis produced in accordance with the method 
5 of Claim 14. 

17. The method of Claim 14, wherein said ethylene vinyl alcohol 
copolymer constitutes from about 0.1% to about 35% by weight of the total weight 
of said composition and said dimethylsulfoxide solution constitutes from about 

10 65% to about 99.9% by weight of the total weight of said composition. 

1 8. The method of Claim 14, wherein said composition additionally 
comprises a fluid selected from a group of tetrahydrofuran, dimethylformamide, 1- 
butanol, n-butyl acetate, and mixtures thereof, and wherein said act of removing 

15 additionally comprises removing essentially all of said fluid from said composition 
on said prosthesis to form said coating. 

1 9. A coating for a prosthesis produced in accordance with the method 
of Claim 18. 

20 

20. The method of Claim 18, wherein said ethylene vinyl alcohol 
copolymer constitutes from about 0.1% to about 35% by weight of the total weight 
of said composition, said dimethylsulfoxide solution constitutes from about 19.9% 
to about 98.9% by weight of the total weight of said composition, and said fluid 

2 5 constitutes from about 1% to about 80% by weight of the total weight of said 

% composition. 

21 . The method of Claim 14, wherein said composition additionally 
comprises a fluid having a contact angle less than about 90°, and wherein said act 

3 0 of removing additionally comprises removing essentially all of said fluid from said 

composition on said prosthesis to form said coating. 
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22. A coating for a prosthesis produced in accordance with the method 
of Claim 21. 

5 23. The method of Claim 2 1 , wherein said ethylene vinyl alcohol 

copolymer constitutes from about 0.1% to about 35% by weight of the total weight 
of said composition, said dimethylsulfoxide solution constitutes from about 19.9% 
to about 98.9% by weight of the total weight of said composition, and said fluid 
constitutes from about 1% to about 80% by weight of the total weight of said 
1 0 composition. 

24. The method of Claim 14, wherein said composition additionally 
comprises a therapeutic substance and a fluid selected from a group of 
tetrahydrofuran, dimethylformamide, 1-butanol, n-butyl acetate, and mixtures 

15 thereof. 

25. A coating for a prosthesis produced in accordance with the method 
of Claim 24. 

2 0 26. The method of Claim 24, wherein said ethylene vinyl alcohol 

copolymer constitutes from about 0.1% to about 35% by weight of the total weight 
of said composition, said dimethylsulfoxide solution constitutes from about 19.8% 
to about 98.8% by weight of the total weight of said composition, said fluid 
constitutes from about 1% to about 80% by weight of the total weight of said 
25 composition, and said therapeutic substance constitutes from about 0.1% to about 
40% by weight of the total weight of said composition. 

27. The method of Claim 24, wherein said therapeutic substance is 
selected from a group of antineoplastic, antiinflammatory, antiplatelet, 

3 0 anticoagulant, antifibrin, antithrombin, antimitotic, antiproliferative, antibiotic, 

antioxidant, antiallergic substances, and combinations thereof 
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28. The method of Claim 14, wherein said composition additionally 
comprises a therapeutic substance and a fluid, said fluid having a contact angle less 
than about 90°. 

5 

29. A coating for a prosthesis produced in accordance with the method 
of Claim 28. 

30. The method of Claim 28, wherein said ethylene vinyl alcohol 

1 0 copolymer constitutes from about 0. 1 % to about 35% by weight of the total weight 
of said composition, said dimethylsulfoxide solution constitutes from about 19.8% 
to about 98.8% by weight of the total weight of said composition, said fluid 
constitutes from about 1% to about 80% by weight of the total weight of said 
composition, and said therapeutic substance constitutes from about 0.1 % to about 

15 40 % by weight of the total weight of said composition. 

3 1 . The method of Claim 28, wherein said therapeutic substance is 
selected from a group of antineoplastic, antiinflammatory, antiplatelet, 
anticoagulant, antifibrin, antithrombin, antimitotic, antiproliferative, antibiotic, 

2 0 antioxidant, antiallergic substances, and combinations thereof. 

32. The method of Claim 14, additionally comprising, subsequent to 
said act of applying said composition, the act of heating said prosthesis at a 
temperature in the range of about 55° C to about 65° C for a predetermined 

25 duration of time. 

33. The method of Claim 14, wherein said act of removing comprises 
heating said prosthesis having said composition applied to said surface for a 
predetermined duration of time. 

30 
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34. A method for forming an ethylene vinyl alcohol copolymer coating 
on a surface of a prosthesis, comprising the acts of: 

(a) providing a composition comprising an ethylene vinyl alcohol 
copolymer and a dimethylsulfoxide solvent; 

5 (b) adding a fluid to said composition, wherein said fluid reduces 

the viscosity of said composition; and 

(c) applying said composition, having said fluid, to a surface of a 
prosthesis; and 

(d) removing essentially all of said dimethylsulfoxide solvent and 
1 o said fluid from said prosthesis, wherein an ethylene vinyl alcohol 

copolymer coating is formed on said surface of said prosthesis. 

35. The method of Claim 34, wherein said prosthesis is selected from a 
group of balloon-expandable stents, self-expandable stents, and grafts. 

15 

36. A coating for a prosthesis produced in accordance with the method 
of Claim 34. 

37. The method of Claim 34, wherein said fluid is selected from a group 
20 of tetrahydrofuran, dimethylformamide, 1-butanol, n-butyl acetate, and mixtures 

thereof. 

38. A coating for a prosthesis produced in accordance with the method 
of Claim 37. 

25 

39. . The method of Claim 34, wherein said fluid has a contact angle less 
than about 90°. 



40. 

30 of Claim 39. 



A coating for a prosthesis produced in accordance with the method 
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41. The method of Claim 34, wherein said ethylene vinyl alcohol 
copolymer constitutes from about 0. 1% to about 35% by weight of the total weight 
of said composition, said dimethylsulfoxide solvent constitutes from about 19.9% 

5 to about 98.9% by weight of the total weight of said composition, and said fluid 
constitutes from about 1% to about 80% by weight of the total weight of said 
composition. 

42. A coating for a prosthesis produced in accordance with the method 
10 of Claim 41. 
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